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For many years it has been taught that atelectasis 
is associated with fever. A number of current surgical 
texts state that fever appearing shortly after operation 
is often due to atelectasis, although few provide an 
explanation of the pathogenesis of the fever. The purpose 
of this thesis is to determine whether atelectasis alone 




Essential to the study of atelectasis and its 
relation to fever is a clear definition of the term. 
Hamilton suggests that the "classical definition" of 
atelectasis be used. This defines atelectasis as "... 
the complete collapse of one or more definite anatomic 
units such as a lobule, segment, lobe, or entire lung."'*' 
With this anatomic definition irrespective of its etiology, 
atelectasis in its broadest sense can be examined along 
with its relationship to fever. 
Pulmonary atelectasis was first described in 1844 
by Legendre and Baily who attributed the condition to both 
2 
bronchial obstruction and ineffectual respiratory movements. 
Mendelssohn (1845) and Traube (1846) were the first to 
produce atelectasis experimentally by obstructing the major 
3 4 
bronchi of dogs with lead shot, paper wads, and gum arable. ' 
Lichtheim first demonstrated the crucial role of the pulmonary 

3 
circulation in the absorption of gas distal to obstructed 
5 
bronchi. In his experiments, ligation of a bronchus 
produced atelectasis, whereas ligation of a brouchus plus 
its corresponding pulmonary artery did not produce atel¬ 
ectasis. The relationship of atelectasis to surgery was 
first noted by W. Pasteur, and he observed an especially 
high incidence of atelectasis following operations in the 
upper abdomen.^ He also stated that the lower lobes were 
the regions primarily affected, and suggested a neurogenic 
origin of the condition. 
Five factors, alone or in various combinations, 
are now thought to be capable of producing atelectasis. 
These factors are 1) obstruction, 2) compression, 
3) hypoventilation, 4) neurogenic reflex, and 5) decreased 
17 8 
surfactant activity. ' ' 
As noted earlier, obstruction of the bronchial tree 
was the first method utilized for the experimental production 

4 
of atelectasis. In addition to gas resorption by the 
9 10 
circulation, ' other factors may participate in the 
genesis of atelectasis with bronchial occlusion. Massive 
pulmonary collapse has been produced experimentally using 
a one-way valve apparatus to occlude a bronchus in inspir¬ 
ation but not expiration." Also, it has been shown by 
Hilding that ciliary action on a mucous plug acting as 
a piston in the trachea of the hen can produce negative 
pressure (-5 to -40 millimeters of water) in the distal 
12 
segment which may augment alveolar collapse. 
Compression atelectasis may be seen with any 
condition that physically prevents the lung from expanding 
fully, such as pneumothorax, pleural effusion, or a large 
thoracic aortic aneurysm. This type of atelectasis has 
been produced experimentally by inflation of a balloon in 
12 14 
the pleural space. ' 

5 
Hypoventilation, though proposed initially as a 
cause for atelectasis by Legendre and Baily and supported 
by others, ^ ^ ^ was discounted by Coryllos and Birnbaum 
in 1932 who stated that "Clinical and experimental evidence 
points to the conclusion that atelectasis is always due to 
complete bronchial obstruction."" This was directly 
• . *] Q 
refuted by Galbraith and Steinberg m 1937. They 
concluded "... the basic cause of pulmonary atelectasis 
is interference with respiratory movements. Bronchial 
obstruction is only one of the mechanisms responsible for 
atelectasis." 
A number of studies since that time have shown the 
latter view is probably correct. Swank and Smedal reported 
a 65% incidence of "transient patchy and irregular densitie 
in the lungs" in young soldiers treated with sodium amytal 
1 9 
narcosis for combat exhaustion. Other experiments have 
shown that anesthesia with controlled constant ventilation. 

6 
i.e. without periodic hyperinflation or sighing that 
normally occurs in man approximately 9 times per hour,1 
leads to a progressive decrease in compliance by 22% and 
• 2 0 
decrease in arterial oxygen tension by 15%. Furthermore, 
these changes could be rapidly reversed at the end of the 
experiment by hyperinflation of the lungs. Atelectasis 
confirmed by light microscopy was produced in rabbits and 
calves by intraperitoneal barbiturate anesthesia alone.^ 
Thus there is good evidence that prolonged hypoventilation 
due to any cause can produce atelectasis. 
A neurogenic or reflex atelectasis, though perhaps 
the most interesting, is probably the most infrequent. 
Reflex pulmonary atelectasis can apparently be produced 
by a variety of phenomena, including experimental pulmonary 
embolism, traction on the common bile duct, traction on the 
22 
mesentary of the small intestine, and chest wall trauma. 
This reflex atelectasis appears very suddenly and can be 

7 
inhibited by vagal nerve section or prior administration 
of atropine. A case of total right upper lobe atelectasis 
occurring in less than 5 seconds during bronchoscopy has 
7 
been reported and the entire subject has been reviewed. 
Some authors have reported finding smooth muscle cells 
2 3 2 4 
in the alveolar walls. ' However, since the studies 
were performed on individuals suffering from various kinds 
of chronic pulmonary disease, and other studies maintain 
that muscular elements are not found in the alveolar walls,^ 
the existence of an anatomic basis for active lung contraction 
or reflex atelectasis remains in doubt. 
The fifth factor causing or contributing to the 
development of atelectasis is deficiency of the substance 
2 6 2 7 
known as surfactant. ' Surfactants are phospholipids 
synthesized by the alveolar cells. Surfactant acts much 
like a detergent to lower the surface tension tending to 
collapse the alveoli, especially in expiration. It is known 

8 
that for a given wall tension, the pressure required to 
keep a sphere inflated varies inversely with its radius, 
according to the Law of Laplace. Without surfactant, the 
surface tension in the alveolar wall during expiration 
would be greater than the inflacing pressure, thereby 
leading to spontaneous collapse. 
Experiments have shown that there is a decrease 
in surfactant from the atelectatic portions of lungs as 
g 
compared to normal portions of the same lungs. However, 
this decrease may be secondary to atelectasis and not the 
cause of it. It has been shown that circulation through 
2 8 
the atelectatic lung is progressively impaired. Since 
the half-life of surfactant is known to be approximately 
8 hours, and the replacement of surfactant depends upon 
2 9 
utilization of precursors m the blood, atelectasis may 





Although fever has been associated with disease 
at least since the time of Hippocrates, only in recent 
times have the basic mechanisms which underlie its production 
been elucidated. Since excellent reviews of the pathogenesis 
of fever are available,^ only a brief description of the 
basic mechanisms is included here. 
For many years investigators, including the famous 
German surgeon Billroth, were able to produce fever in 
animals by injections of various substances, some derived 
32 
from damaged or necrotic tissues, while others were more 
ordinary substances such as milk, water, or sugar solutions. 
These fevers were shown to result from certain contaminating 
bacterial substances,^ now called endotoxins, which are 
now known to be ubiquitous, heat-stable lipopolysaccharides 
derived from the cell wails of certain bacteria, predominantly 
the gram-negative bacteria.' These endotoxins are potent 

10 
pyrogens in certain species such as the rabbit, where 
as little as 0.0001 - 0.001 microgram per kilogram will 
regularly produce fever. 
It now seems clear however that most experimental 
fevers, and probably clinical fever as well, result 
directly from the action of a substance known as endo¬ 
genous pyrogen on the thermoregulatory center in the 
hypothalamus. 3eeson was the first to obtain a pyrogen 
from rabbit granulocytes in vitro while excluding 
37 
bacterial endotoxins. Endogenous pyrogen, which is 
a basic protein with a molecular weight of about 13,000 
38 
39 
has been shown to be released from granulocytes, mono¬ 
nuclear cel 
40 41 42 
Is and macrophages, ' ' and the Kupffer 
4 3 
cell of the liver. In addition, endogenous pyrogen 
release from rabbit alveolar macrophages obtained by 
Myrvik's technique^ has specifically been demonstrated.^ 
In addition to endotoxin, various other activators of 

11 
endogenous pyrogen release have been determined including 
46 47 
staphylococci, viruses, fungi, steroids such as 
48 ... . . 
etiocholanoione, and antigens m previously sensitized 
4y 
animals. Endogenous pyrogen is thought to act directly 
50 . . 
on the thermoregulatory center, from which signals 
are sent peripherally to cause vasoconstriction and 
increased somatic motor activity (shivering) which elevate 
the body temperature. 
V 
12 
Atelectasis and Fever 
Textbooks on general surgery state that atelectasis 
is a frequent postoperative complication, that it is usually 
seen in the first 48 hours after surgery, and that it is 
associated with the sudden, early onset of dyspnea, 
tachypnea, fever (often to 104 degrees F«), and tachycardia. 
51,52 
Other sources maintain however that fever and tachycardia 
are usually late manifestations of atelectasis. 
Several observations cast doubt on the ability of 
atelectasis without infection to produce fever. The first 
of these is the clinical situation of spontaneous pneumo¬ 
thorax. In four reported series of spontaneous pneumothorax, 
54,55,56,5/ consisting of over 700 cases, fever was never 
even mentioned, leading Lo the conclusion that it was seldom, 
if ever, present. Another discussion of the problem mentions 
fever only when spontaneous pheumothorax is superimposed on 




A second observation is that asymptomatic 
atelectasis, i.e. without fever or any signs or symptoms 
referrabie to the chest, can exist in heroin addicts. 
This atelectasis is postulated to result from the chronic 
hypoventilation induced by the heroin. 
Third, in the study in which atelectasis was 
produced in 18 of 23 young soldiers by amytal narcosis 
although lung changes were apparent by X-ray the first 
day, significant fever (greater than 99 degrees F. axillary 
average for a day) never developed before the second day, an 
and then in only 6 of the 18 cases. Furthermore, in 4 of 
these 6 cases, the average leukocyte count was 10,500/mm' 
(The leukocyte counts of the other two cases were not 
recorded.) 
Thus, it appears that associated pneumonitis might 
be a factor in the pathogenesis of fever with atelect asis. 
In the present experiment, the effect of compressive 

14 




Methods and Materials 
Female albino rabbits weighing 3.5 - 5.5 kilograms 
were used for the study. All had been "box trained" 
previously to minimize temperature elevation due to 
confinement anxiety. The rabbits were secured supine and 
the right hemithorax was shaved and prepped with 95% ethyl 
alcohol. Using sterile, pyrogen free equipment (pre-packaged 
or rendered pyrogen free by heating at 170 degrees C.), the 
skin was infiltrated with 1 and 1/2 cc. of 1% lidocaine in 
the anterior axillary line at the level of the xiphoid. 
A purse-string suture of 3-0 silk was placed in the 
anesthetized area with the ends left free. In the center 
of the purse-string suture a 1/2 cm skin incision was made 
with a #11 Bard-Parker blade. A #14 Jelco intravenous 
catheter was advanced through the incision until the needle 
punctured the parietal pleura, at which point the needle 
was withdrawn and the polyethylene catheter was advanced 

16 
alone. The catheter was secured in place with the free 
ends of the purse-string suture as well as an additional 
anchoring skin suture. Any air that entered the pleural 
space was removed by repeated aspiration through a three- 
way stopcock which was fitted to the end of the catheter 
and left in place. 
The rabbits were then placed in wooden restraining 
stalls and taken to the temperature recording room where 
temperatures were obtained with rectal thermistors and 
recorded on a Foxboro recorder. The temperatures were 
taken every 15 minutes until a stable baseline was obtained 
for each rabbit. Then 60 cc. of air was injected through 
the catheter (time 0) and temperatures were recorded over 
the next 6 hours, initially every 15 minutes for 3 or 4 
recordings, then every 1/2 hour. An additional injection 
of 10 cc. of air was given at 2 and 1/2 hours and again at 
4 and 1/2 hours after the initial injection. 

17 
After the temperature recordings, the rabbits 
were taken to the X-ray department. The X-rays were taken 
dorsal to ventral and through the stalls with 55 KV., 
6.4 mAs., a small focal spot, and 1/60 second exposure 
time to minimize blurring due to respirations. Slight 
magnification was obtained by elevating the rabbits 8" 





X-ray examination revealed 14 rabbits with no 
detectable pneumothorax, 5 rabbits with a partial pneumo¬ 
thorax, and 6 rabbits with a total unilateral pneumothorax. 
Representative pictures of the X-rays are included. 
(Figures 1, 2, 3.) Of the 14 rabbits with no pneumothorax, 
i.e. the ones considered controls in this experiment, only 
one had a significant fever (greater than 0.3 degrees C.). 
(Figures 4,5.) Of the rabbits with 100% pneumothorax, 
again only one had any significant fever (Figure 6.), 
while none of the rabbits with a partial pneumothorax had 
a significant febrile response. (Figure 7) Included also 
are two tables showing the average hourly deviation for 
the three groups of each temperature course from its own 
individual initial mean temperature, (IIMT). The individual 
initial mean temperature is defined as the mean of the 
of the temperatures at 0, 1/2, and 1 hour for that particular 

19 
course. Table 1 shows the total average hourly deviations, 
while Table 2 shows the average hourly deviations derived 
from consideration of only the positive hourly deviations, 
thereby minimizing the possibility of obscuring a significant 
febrile response. However, in neither case is there a 
significant fever observed. The greatest average hourly 
deviation in either table is +0.11 degrees Centigrade, 
well below the accepted 0.3 degrees Centigrade. There are 
no significant differences between the three groups. 
Finally, it should be noted that successful 
production of pneumothorax occurred only 11 of 25 times. 
By X-ray subcutaneous air blebs were often noted. These 
were due to either leakage of air around the catheter, or 
to the withdrawal of the catheter tip from the pleural 




Normal rabbit chest film. No pneumothorax noted. 
Note Jelco on right, also note subcutaneous bleb 






Rabbit chest film showing partial 













Figures 4 and 5 
Temperature courses of the 14 rabbits with no 
pneumothorax. Arrows indicate time and amount 
of air injection. Time in hours refers to the 
amount of time from injection of 60 cc air bolus. 
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Figure 6 
Temperature courses of the 6 rabbits with 100% 
pneumothorax 
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Temperature courses of the 5 rabbits with 
partial pneumothorax. 
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Tables 1 and 2 

Average hourly deviations from IIMT's, 
Table 1. 
. Total deviations 
Average of Average hourly deviation from 
IIMT's in IIMT in decrees C. 








Total-6 39.3^ -,008 + , 04 -1.06 + .03 -.025 
Partial-5 39.00 0 +. 02 + „ 04 + . 0 6 + .11 + .10 
Table 2, 
Average deviations obtained from consideration of only 
positive hourly deviations»i.e. considering negative 
deviations as zero,, 
Average of 
IIMT's in 
. 2 . 8 4 . 5 6. 
Control-i4 39 >7 + .00? + .057 + .050 + .075 + .097 t. 064 
Total-6 39.39 0 + .025 + .075 + .083 + .091 i,06? 
Partial-5 39.00 0 + .04 + . 04 +. 06 + .11 + .10 
IIMT- individual initial mean temperature, defined 
as the average of the recorded temperatures at 0, §•, 
and 1 hour for each individual temperature course. 
t 
.. .1". .1,, 
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Discussion 
From the results of these experiments it can be 
stated that atelectasis produced by pneumothorax is not 
alone sufficient to cuase fever in rabbits over the time 
interval observed. This experiment does not reproduce 
postoperative atelectasis. Postoperative atelectasis may 
often be associated with bronchial obstruction and hypo¬ 
ventilation due to pain or narcotic depression. In this 
experiment, neither of these factors was present during 
the development of the atelectasis. On the other hand, 
atelectasis as defined by Hamilton''" did exist in these 
animals without the development of fever. 
If atelectasis alone is not sufficient to cause 
fever, what is the pathogenesis of the fever that is 
attributed to postoperative atelectasis? Lansing and 
Jamieson60 examined the mechanism of fever in pulmonary 
atelectasis produced by occluding the left main-stem 

28 
bronchus of a dog. Within 12 hours the rectal temperature 
rose an average of 4-5 degrees F. above normal and was 
accompanied by an increase in respiratory and heart rates 
in all 30 dogs studied. A thick, purulent exudate which 
always yielded bacterial growth by culture was found 
distal to the obstructing plugs, even though they were 
sterile when introduced. When the experiment was repeated 
giving intramuscular penicillin and streptomycin at the 
time of insertion of the plugs, less than 1 degree F. 
increase in temperature was noted and the increases in 
respiratory and heart rates were far less marked. When 
serum taken from an experimental animal at the height of 
the fever was injected into a normal animal, it produced 
rigors, fever, tachycardia, and an increase in respiratory 
rate beginning within 5 minutes. In addition, blood 
cultures were obtained from 4 of the 30 experimental 
animals with fever and were positive in three of the four 

29 
cases. While this experiment utilized bronchial obstruction 
to produce atelectasis, and it seems probable that 
organisms were introduced into the lower respiratory 
tract by the cotton plug, one point is clear. Antibiotics 
prevented the febrile response in dogs even though the 
atelectasis was unaltered. In this model, infection 
rather than atelectasis alone seems clearly the cause of 
fever. 
In the present experiment the rabbits were followed 
only 6 hours. Perhaps if followed longer, a febrile 
response would have occurred, presumably due to proliferation 
of microorganisms normally found in the lungs of these 
rabbits. Although lung cultures were not obtained from 
the rabbits used in this experiment, cultures of the lungs 
of other rabbits in this laboratory have repeatedly yielded 
a gram-negative rod identified as Bordetella bronchisepticus. 
40,61 
Indeed the ubiquitous nature of this organism in the 
■ 
30 
lungs and its ability to activate lung macrophages to 
produce pyrogen have posed serious problems in experiments 
with alveolar macrophages. 
However, some early postoperative fevers may be 
due to an entirely different cause. Recently Roe has 
called attention to an entity called "benign postoperative 
6 2 6 3 
fever." ' It is postulated that the fever which is 
seen within a few hours of surgery may in some cases be 
due to an overshoot response of the hypothalamus to body 
temperature lowering during surgery. This fever is not 
seen in those patients whose body temperature is kept from 




Total or partial unilateral pneumothoraces were 
produced in 11 of 25 rabbits and the temperature courses 
were recorded. There was no significant difference in 
temperature courses between the 11 rabbits with pneumothorax 
produced atelectasis and the 14 control rabbits. This suggests 
that atelectasis alone is not a sufficient condition to cause 
fever in rabbits, and that clinical postoperative fever 
results from different or additional factors, such as 
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